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ABSTRACT

Purpose: To describe the prevalence and the 5-year incidence of retinal central and branch vein occlusion and associ-
ated risk factors.

Methods: The Beaver Dam Eye Study (n=4,926) is a population-based study in which retinal vein occlusions were
detected at baseline (1988-1990) and at a 5-year follow-up examination (1993-1995) by grading of 30° color fundus
photographs.

Results: The prevalence and 5-year incidence of retinal branch vein occlusion were each 0.6%. The prevalence of reti-
nal central vein occlusion was 0.1%, and the 5-year incidence was 0.2%. While adjusting for age, the prevalence of
branch vein occlusion was associated with hypertension (odds ratio [OR] 5.42, 95% confidence interval [CI] 2.18,
13.47), diabetes mellitus (OR 2.43, 95% CI 1.04, 5.70), pulse pressure (OR 1.24 for 10 mm Hg, 95% CI 1.03, 1.48),
ocular perfusion pressure (OR 2.09 for 10 mm Hg, 95% CI 1.45, 3.01), arteriovenous nicking (OR 16.75, 95% CI 7.33,
38.24), and focal arteriolar narrowing (OR 22.86, 95% CI 8.43, 62.03). The age-adjusted incidence of retinal branch
vein occlusion was associated with current smoking (OR 4.43 95%, CI 1.53, 12.84) compared with nonsmokers and to
focal arteriolar narrowing (OR 5.24, 95% CI 1.97, 13.94) at baseline. While controlling for age, the incidence of branch
vein occlusion was not associated with serum lipid levels, body mass index, white blood cell count, alcohol consump-
tion, aspirin use, glaucoma, intraocular pressure, or ocular hypertension.

Conclusions: Retinal vein occlusion is infrequent in the population. These data suggest a strong association between
retinal branch vein occlusion and retinal arteriolar changes. Data from larger populations are needed to further assess
associations between risk factors and the incidence of retinal vein occlusions.
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INTRODUCTION

Retinal vein occlusions are an important cause of vision
loss."2 Most of the information about retinal vein occlu-
sions has come from clinical case series,,3'6 case-control
studies,7'3 and clinical trials.'4"16 To date, information about
the prevalence of retinal branch vein occlusion has been
limited.'7"8 In the population-based Blue Mountains Eye
Study, the prevalence of retinal vein occlusion was 1.6%.17
In the Framingham Eye Study, of the 2,631 persons who
underwent a screening examination, 4 of the 156 eyes
found to have retinopathy had a retinal vein occlusion.'8

Data from previous studies have shown an association
of retinal branch vein occlusion with hypertension, ather-
osclerotic vascular disease, diabetes mellitus, rheological
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factors, refractive error, elevated intraocular pressure, and
open-angle glaucoma, although these associations have
not been consistent. 6-,10-13,17 Data from earlier studies sug-
gest no association of retinal central vein occlusion with
decreased survival.'9'20 Less is known about the relation of
retinal branch vein occlusion and survival. The purposes
of this report are (1) to describe the prevalence and inci-
dence of retinal vein occlusion, (2) to examine associated
risk factors, and (3) to describe the relationship of retinal
vein occlusion to stroke and ischemic heart disease mor-
tality in a large population-based cohort in Beaver Dam,
Wisconsin.

METHODS AND MATERLALS

The Beaver Dam Eye Study population has been
described in detail in previous reports."," Briefly, a private
census of the Beaver Dam, Wisconsin, population (99%
white) was performed from September 15, 1987, to May
4, 1988, to identify all residents in the city or township of
Beaver Dam who were 43 to 84 years of age. Of the 5,924
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eligible individuals, 4,926 participated in the baseline
examination between March 1, 1988, and September 14,
1990. Nonparticipants consisted of 226 persons (3.8%)
who had died before the examination, 18 (0.3%) who
could not be located, 337 (5.7%) who permitted an inter-
view only (of these, 61 had moved), and 417 (7.0%) who
refused to participate (of these, 39 had moved).
Comparisons between participants and nonparticipants at
the time of the baseline examination have appeared else-
where.2' Tenets of the Declaration of Helsinki were fol-
lowed. Informed consent was signed, and institutional
human experimentation committee approval was granted.

Prior to the start of the 5-year follow-up examination
on March 1, 1993, 385 (7.8%) of the participants had died.
Of the 4,541 participants surviving since the baseline
examination, 3,684 (81.1%) participated in the follow-up
examination between March 1, 1993, and June 14, 1995.22
Four (0.1%) of the participants could not be located, 259
(5.7%) permitted an interview only (of these, 48 had
moved out of the area), 423 (9.3%) refused to participate
(of these, 44 had moved out of the area), and 171 (3.8%)
died during the examination period. Both the mean and
median times between the baseline and 5-year follow-up
examinations were 4.8 years, and the standard deviation
was 0.4 years.

Comparisons between participants and nonpartici-
pants at follow-up have been presented elsewhere.22
Persons who were alive and did not participate in the fol-
low-up eye examination (n=686) were older at baseline
than those who did (62.7 versus 60.4 years, P<.0001).
After adjusting for age, those who were alive during the
study period and did not participate were more likely to
have completed fewer years of education; to have lower
income, poorer visual acuity, a history of cardiovascular
disease, and a history of abstaining from alcohol; to have
smoked more; to have higher serum cholesterol and high-
er systolic and diastolic blood pressure levels; and to be
retired at baseline, when compared with persons who par-
ticipated.

PROCEDURES

Similar procedures were used at both baseline and follow-
up examinations and have been described in detail else-
where.2"26 Informed consent was obtained from each par-
ticipant at the beginning of the examination. The exami-
nations at baseline and follow-up included measuring
weight, height, pulse rate, and blood pressure (using a
random-zero sphygmomanometer following the
Hypertension Detection and Follow-up Program proto-
col).-2 A standardized questionnaire, including questions
on the use of hormone replacement therapy in women,
was administered by the examiners. Nonfasting blood

specimens were obtained from participants. Serum cho-
lesterol,2 high-density lipoprotein (HDL) cholesterol,29
and blood glucose30 levels were determined by enzymatic
procedures. Hematocrit values and leukocyte counts were
determined by using a Coulter counter method. Blood
glycated hemoglobin was determined using affinity chro-
matography.31 Stereoscopic 300 color fundus photographs
centered on the disc (Diabetic Retinopathy Study32 [DRS]
standard field 1) and macula (DRS standard field 2) and a
nonstereoscopic color fundus photograph temporal to but
including the fovea of each eye were taken. When retinal
vein occlusion or other lesions were seen outside these
three fields, additional fundus photographs were taken, if
feasible. For purposes of this report, the 4,856 people
with a photograph of at least 1 eye gradable for retinal
vein occlusion are included in the analyses.

Photographs were graded using the Wisconsin Age-
Related Maculopathy grading scheme.25'26 As part of this
scheme, all photographic fields of each eye were exam-
ined by the graders to detect retinal vein occlusions. Old
central retinal vein occlusions were characterized by
occluded and sheathed retinal veins, while more recent
occlusions were characterized by retinal edema, optic disc
hyperemia or edema, scattered superficial and deep reti-
nal hemorrhages, and venous dilation. Branch retinal vein
occlusions involved a more localized area of the retina in
the sector of the obstructed venule and were character-
ized by scattered superficial and deep retinal hemorrhag-
es, venous dilation, intraretinal microvascular abnormali-
ties, and occluded and sheathed retinal venules. When
present, the site of the occlusion (superotemporal, infer-
otemporal, or outside the temporal quadrants) was
recorded. In addition, the presence of the position of the
retinal arteriole to retinal venule (anterior versus not ante-
rior) closest to the site of the occlusion was also recorded.
One of the authors (R. Klein) examined all the photo-
graphs of persons with questionable or definite retinal
vein occlusion.

The presence of retinal microaneurysms only, blot
hemorrhages only, hemorrhages and/or microaneurysms,
cotton-wool spots, hard exudates, intraretinal microvascu-
lar abnormalities, venous beading, arteriovenous nicking,
new vessels on the disc and elsewhere, and preretinal and
vitreous hemorrhages was graded in a masked fashion
using an abbreviation of the modified Airlie House classi-
fication scheme.' Focal arteriolar narrowing was graded
using a standard photograph from the Wisconsin Age-
Related Maculopathy Grading protocol,25 in which focal
narrowing of small arterioles in the posterior pole (field 2)
involves a total length of 1/3 disc diameter. Arteriolar nar-
rowing was graded as absent, questionable, less than the
standard, and greater than or equal to the standard for all
arterioles more than 750 pLm from the disc margin in all
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three standard fields. When there were multiple but sep-
arate areas of focal arteriolar narrowing, the composite
length of involvement was compared with the standard.
For purposes of analyses, 2 categories were used: (1)
absent or questionably present and (2) present.
Arteriovenous nicking was graded for all arteriovenous
crossings that were more than 750 [im from the disc mar-
gin in all 3 fields. Arteriovenous nicking was graded as
present if there was a decrease in the diameter of the
venule on both sides of the arteriole that was crossing it.
The presence of other retinal disease, such as retinal arte-
riolar emboli and surface wrinkling retinopathy, was grad-
ed using a detailed protocol.2152

When 2 eyes of a participant were discrepant regard-
ing the presence of a lesion, the grade assigned for the
participant was that of the more severely involved eye.
For example, in assigning the presence of a retinal vein
occlusion, if the retinal vein occlusion was present in 1 eye
but not the other, the participant would be considered to
have a retinal vein occlusion. When lesions could not be
graded in 1 eye, and the other eye had no lesions present,
the participant's information was set to missing.

Slit-lamp and retroillumination photographs of the
lenses were graded using standardized systems reported
previously.33 For this report, nuclear cataract was defined
as present if the photograph of the lens was graded as
more opaque than standard photograph 3. For grading
the severity of cortical and posterior subcapsular opaci-
ties, a grid dividing the lens into 8 sectors and a central
circle was used. Cortical opacity was considered present
if, on grading the retroillumination photograph, 5% or
more of the lens surface area was affected; posterior sub-
capsular opacity was considered present if 5% or more of
any of the 8 sectors or of the central circle of the surface
area of the lens was involved.

Ocular perfusion pressure (OPP) in each eye was
defined by the following formula: OPP = 2/3 (D + [S-D]
/3) -IOP, where S=systolic blood pressure and D=diastolic
blood pressure.34 Myopia was defined as a refractive error,
in spherical equivalent, of -0.50 diopters or less, and
hyperopia was defined as a refractive error, in spherical
equivalent, of +0.50 diopters or more based on an Early
Treatment Diabetic Retinopathy Study refraction.
Refractive error was set to "missing" when visual acuity
was 20/40 or worse or when an eye was aphakic or had an
intraocular lens present.

The procedures in detecting and defining glaucoma
have been presented elsewhere.33 Intraocular pressure
was measured according to a standard protocol using a
Goldmann applanation tonometer. Stereoscopic fundus
photographs of field 1 were used for grading of optic discs
and cups according to a detailed standardized protocol. A
standardized history was obtained. Subjects were queried

about whether they had ever been told that they had glau-
coma, were taking medicines for glaucoma, or had had
surgery for glaucoma.

DEFINITIONS

For purposes of this investigation, central cataract was
defined as the presence of a nuclear sclerotic cataract or a
posterior subcapsular cataract or cortical cataract involv-
ing 25% or more of the central circle. The presence of at
least 2 of the following 3 characteristics was needed for
designation of definite glaucoma: an abnormal visual
field, a large (>0.8) or asymmetric (>0.2) cup-to-disc ratio,
or a high (>22 mm Hg) intraocular pressure. A history of
taking drops or having surgery for glaucoma (excluding
glaucoma secondary to rubeosis irides or trauma) was con-
sidered as probable glaucoma. Both groups were included
in analyses considering glaucoma.3

Current age was defined as age at the time of baseline
examination. The mean systolic blood pressure was the
average of the 2 systolic blood pressure determinations,
and the mean diastolic blood pressure was the average of
the 2 diastolic blood pressures. The pulse pressure was
computed by taking the difference between the mean sys-
tolic and the mean diastolic blood pressures.
Hypertension was defined as a mean systolic blood pres-
sure of 160 mm Hg or greater and/or a mean diastolic
blood pressure of 95 mm Hg or greater and/or a history of
hypertension with use of antihypertensive medication at
the time of examination. Uncontrolled hypertension was
defined as systolic blood pressure of 160 mm Hg or
greater or a diastolic blood pressure of 95 mm Hg or
greater. Cardiovascular disease was defined as a history of
angina pectoris, myocardial infarction, or stroke or cur-
rent use of cardiovascular medication such as digitalis or
nitroglycerin. Cigarette smoking status was defined as fol-
lows: Subjects were classified as having never smoked if
they reported having smoked fewer than 100 cigarettes in
their lifetime; as ex-smokers if they had smoked more
than this number of cigarettes in their lifetime but had
stopped smoking before the examination; and as current-
ly smoking if they had not stopped. There were 375 peo-
ple with a previous history of adult-onset diabetes melli-
tus, treated with either insulin, oral hypoglycemic agents,
and/or diet. There were also 48 people with newly diag-
nosed diabetes mellitus at baseline.36

STATISTICAL METHODS

SAS was used for analyzing the data, including producing
proportions, chi-square statistics, and logistic regression.3
Trends in proportions across age-groups were tested for
significance using the Mantel-Haenszel procedure.3$
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McNemar's test, a special case of the Cochran-Mantel-
Haenszel statistic, was used to test the differences in inci-
dence and progression rates between eyes.'9 Liang-Zeger
models were used to assess relationships with data from
both eyes when a risk factor was eye-specific (retinopathy,
focal retinal arteriolar narrowing, and arteriovenous nick-
ing).40 The relation of retinal vein occlusion to overall mor-
tality and to mortality in which ischemic heart disease and
stroke were listed as causes of death was examined after
age and gender adjustment using the Cox Proportional
Hazards Model.4'

RESULTS

PREVALENCE OF RETINAL VEIN OCCLUSION

The prevalence of retinal branch vein occlusion was 0.6%
(31/4,822, 95% confidence interval [CI] 0.4% to 0.9%);
prevalence of retinal central vein occlusion was 0.1%
(7/4,822, 95% CI 0.0% to 0.3%). Bilateral involvement
was not found in any participant. The prevalence of
branch and central vein occlusions varied with age, and
the frequencies were similar in men and women (Table I).
Persons 75 years of age or older at baseline were 6.7 times
(95% CI 2.2, 20.4) as likely to have retinal branch vein
occlusion present as persons 43 to 54 years of age. The

overall prevalence of retinal branch vein occlusion in right
eyes was similar to that in left eyes (0.4% [17/4,718] ver-
sus 0.3% [14/4,718], P=.72).

The site of the branch vein occlusion involved the
superotemporal quadrant in 58.1% of eyes (18/31), the
inferotemporal quadrant in 29% of eyes (9/31), and out-
side the temporal quadrants in 12.9% of eyes (4/31).
While adjusting for age, the visual acuity was poorer in
eyes with retinal branch vein occlusions involving the
superior temporal quadrant (45.2 versus 52.9 letters read
correctly, P< .001) compared with eyes without branch or
central retinal vein occlusion. There were no differences
in visual acuity in eyes with branch retinal vein occlusion
affecting the inferior temporal quadrant (50 versus 52.9
letters read correctly, P=.33) or the nasal quadrants (53
versus 52.9 letters read correctly, P=.99) compared with
eyes without occlusions.

Retinal arterioles were found anterior to venules
nearest the occlusion in 87.1% of eyes (27/31). Retinal
branch vein occlusions were more common in eyes with
arteriovenous nicking (8.1% versus 0.3%, P<.001) and
focal arteriolar narrowing (2.9% versus 0.1%, P<.0001)
than in eyes without these changes. Focal photocoagula-
tion scars in the macular area were present in 6.5% and a
combination of scatter and focal photocoagulation scars
were present in 6.5% of eyes with retinal branch vein

TABLE I: THE PREVALENCE AND 5-YEAR INCIDENCE OF RETINAL BRANCH AND CENTRAL VEIN OCCLUSION IN EITHER EYE IN THE

BEAVER DAM EYE STUDY.

BRANCH RETINAL VEIN OCCLUSION CENTRAL RETINAL VEIN OCCLUSION

CHARACTERISTICS NO. AT RISK NO. % P-VALUE NO. AT RISK NO. % P-VALUE

Prevalence
Age (Nr)
43-54 1,506 3 0.2 <.0001* 1,507 1 0.1 .06°
55-64 1,303 4 0.3 1,306 1 0.1
65-74 1,252 14 1.1 1,259 2 0.2
75+ 748 10 1.3 750 3 0.4

Sex
Female 2,682 19 0.7 .59t 2,688 3 0.1 .71t
Male 2,127 12 0.6 2,134 4 0.2

Overall 4,809 31 0.6 - 4,822 7 0.1 -

Incidence
Age (>T)

43-54 1,258 1 0.2 <.001* 1,262 0 0.0 .10*
55-64 1,043 5 0.5 1,049 2 0.2
65-74 914 12 1.3 931 5 0.5
15+ 343 3 (.9 351 0 0.0

Sex
Femiale 2,008 12 0.6 1.01 2,026 4 0.2 1.0t
Male 1,550 9 0.6 1,567 3 0.2

Overall 3,558 21 0.6 - 3,593 7 0.2

° Mantel-Haenszel test of trend.
f Fischer exact test.
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occlusion. Macular edema involving the foveal area was
present in 9.7% and retinal new vessels were present in
9.7% of eyes with retinal branch vein occlusion.

The relation of cardiovascular disease and its risk fac-
tors and other ocular and systemic conditions to preva-
lence of retinal branch vein occlusion at baseline is pre-
sented in Table II. After adjusting for age, retinal branch
vein occlusions were associated with hypertension, elevat-
ed systolic and diastolic blood pressure, pulse pressure,
diabetes mellitus, ocular perfusion pressure, focal arterio-
lar narrowing, and arteriovenous nicking. After controlling
for hypertension status, the association of arteriovenous
nicking and focal arteriolar narrowing with branch retinal

vein occlusion was still statistically significant (for focal
retinal arteriolar narrowing, odds ratio [OR] 16.80, 95%
CI 7.57, 37.26, and for arteriovenous nicking, OR 21.94,
95% CI 8.26, 58.25). While controlling for age, prevalence
of retinal branch vein occlusions was not associated with
smoking status; serum lipid levels; body mass index; white
blood cell count; alcohol consumption; history of cancer,
angina, or myocardial infarction; aspirin use; refractive
error; glaucoma; intraocular pressure or ocular hyperten-
sion; or central cataract (Table II). None of the 300
women taking hormone replacement therapy at baseline
had signs of retinal branch vein occlusion.

TABLE II: AGE-ADJUSTED RELATIONS OF VARIOUS CHARACTERISTICS TO THE PREVALENCE AND 5-YEAR INCIDENCE OF RETINAL BRANCH VEIN

OCCLUSION IN THE BEAVER DAM EYE STUDY

RETINAL BRANCH VEIN OCCLUSION

PREVALENCE INCIDENCE

CHARACTERISTIC OR* (95% cI)i P VALUE OR (95% ci)f P VALUE

Systolic blood pressure, per 10 mm Hg 1.30 (1.13, 1.50) <.001 0.84 (0.66, 1.07) .16
Diastolic blood pressure, per 10 mm Hg 1.68 (1.23, 2.30) .001 0.98 (0.64, 1.49) .91
Pulse pressure, per 10 mm Hg 1.24 (1.03, 1.48) .02 0.77 (0.57, 1.06) .10
Serum total cholesterol, per mmol/L 1.04 (0.77, 1.42) .78 0.94 (0.64, 1.38) .74
Serum HDL-cholesterol, per mmol/L 0.70 (0.30, 1.64) .42 2.00 (0.91, 4.36) .08
Total/HDL, per 1 unit 1.04 (0.88, 1.22) .68 0.83 (0.63, 1.10) .20
Hematocrit, per 10% 0.78 (0.31, 1.94) .59 0.34 (0.11, 1.02) .05
White blood cell count, per g/L 1.01 (0.87, 1.17) .94 0.94 (0.74, 1.19) .60
Platelet count, per 100 g/L 0.70 (0.42, 1.18) .18 0.95 (0.54, 1.69) .87
Body mass index, per kg/m2 1.04 (0.97, 1.11) .26 0.96 (0.88, 1.05) .38
Smoking history
Ex vs never 0.79 (0.35, 1.80) 60 1.21 (0.40, 3.63) .006
Current vs never 1.35 (0.51, 3.60) 4.43 (1.53, 12.84)

Alcohol consumption, per 100 g/wk 0.42 (0.15, 1.16) .10 1.05 (0.77, 1.44) .76
Heavy drinking history 0.90 (0.31, 2.59) .84 1.57 (0.52, 4.76) .42
Aspirin use 1.09 (0.50, 2.39) .83 0.87 (0.32, 2.40) .79
Diabetes history 2.43 (1.04, 5.70) .04 1.04 (0.24, 4.51) .96
Hypertension, any 5.42 (2.18, 13.47) <.001 0.70 (0.28, 1.77) .45
Untreated, uncontrolled vs normotensive 6.85 (2.07, 22.69)
Treated, controlled vs normotensive 3.79 (1.38, 10.42) <.001
Treated, uncontrolled vs normotensive 10.24 (3.47, 30.22)

Myocardial infarction history 0.66 (0.16, 2.80) .57
Angina history 0.44 (0.10, 1.89) .27 0.86 (0.20, 3.78) .84
Cancer history 1.05 (0.40, 2.78) .92 1.58 (0.52, 4.79) .42
Perfusion pressure, per 10 mm Hg 2.09 (1.45, 3.02) <.001 0.85 (0.53, 1.37) .56
Glaucoma 1.22 (0.27, 5.44) .79 2.43 (0.54, 10.95) .24
Intraocular pressure, per 1 mm Hg 0.97 (0.87, 1.08) .60 0.95 (0.83, 1.10) .47
Ocular hypertension 0.62 (0.08, 4.61) .63 0.91 (0.12, 6.93) .93
Central cataract 0.85 (0.31, 2.29) .73 0.69 (0.17, 2.84) .58
Refractive error
Myopic 0.18 (0.03, 0.93) 0.43 (0.09, 2.14)
Hyperopic 0.37 (0.13, 1.03) .09 0.60 (0.16, 2.29) .60

Arteriolar narrowing 16.75 (7.33,38.24) <.001 5.24 (1.97,13.94) <.001
Arteriovenous nicking 22.86 (8.43,62.03) <.001

o OR, odds ratio.
f CI, = confidence interval.
t Model failed to converge.
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INCIDENCE OF RETINAL VEIN OCCLUSION

The incidence of retinal branch vein occlusion over the 5-
year period was 0.6% (21/3,558, 95% CI 0.3 to 0.8%) and
of retinal central vein occlusion, 0.2% (7/3,593, 95% CI
0.1% to 0.3%). The incidences of retinal vein occlusions
varied with age and were similar in men and women (Table
I). The incidence of retinal branch vein occlusion was sim-
ilar in right and left eyes (0.4% [13/3,504] versus 0.3%
[9/3,533], respectively, P=.52). One person with a retinal
branch vein occlusion in the left eye at baseline developed
one in the right eye. This subject was not included as an
incident case for person-specific analyses, but the right eye
was included in eye-specific analyses. In 1 person, a cen-
tral retinal vein occlusion developed in both eyes.

Of those eyes that developed retinal branch vein
occlusion, the site of the occlusion involved the super-
otemporal quadrant 45.5% of the time (10/22), the infer-
otemporal quadrant 36.4% of the time (8/22), and the
nasal quadrants 18.2% of the time (4/22). Retinal arteri-
oles were found anterior to venules nearest the occlusion
in 77.3% of eyes (17/22). Incident retinal branch vein
occlusions were not more common in eyes with arteriove-
nous nicking (0% [0/33] versus 0.3% [22/7002], P=1.0) but
were more common in eyes with focal arteriolar narrow-
ing at baseline (1.8% [7/395)] versus 0.2% [14/6,612],
P<.001) as compared with eyes without these changes.

The relation of cardiovascular disease and its risk fac-
tors and ocular and systemic conditions to the incidence of
retinal branch vein occlusion is presented in Table II. While
adjusting for age, the incidence of retinal branch vein
occlusion was associated with a history of current smoking.
In analyses using the Liang-Zeger method,40 after control-
ling for age, focal retinal arteriolar narrowing was associat-

TABLE III: RELATION OF RETINAL BRANCH VEIN OCCLUSION AT BASE-

LINE TO STROKE AND ISCHEMIC HEART DISEASE DEATHS IN THE

BEAVER DAM EYE STUDY.

Retinal Branch Vein Occlusion*

Absent Present

No. 4,778 31
Person-years 33,956.7 212.7
All deaths 724 7
Deaths/1,000 person-years 21.3 32.9
Stroke deaths 90 0
Stroke deaths/1,000
person-years 2.7 0

Ischemic heart disease deaths 227 3
Ischemic heart disease
deaths/1,000 person-years 6.7 14.1

* There are 15 persons with stroke-related deaths and 17 persons with
ischemic heart disease-related deaths in which retinal branch vein
occlusion status at baseline was not known.

ed with the incidence of retinal branch vein occlusion (OR
5.24, 95% CI 1.97, 13.94). The association of arteriovenous
nicking with retinal branch vein occlusion could not be
examined because of the small numbers of subjects with
these variables. While controlling for age, the incidence of
retinal branch vein occlusion was not associated with hyper-
tension, serum lipids, body mass index, white blood cell
count, alcohol consumption, history of cancer or angina,
aspirin use, refractive error, glaucoma, intraocular pressure,
ocular hypertension, or central cataract (Table II). An odds
ratio of greater than 2 for the incidence of retinal branch
vein occlusion was found for glaucoma, and odds ratios of
less than 0.5 were found for myopic refraction or hemat-
ocrit as ascertained at baseline. However, these relation-
ships were not statistically significant (P>.05).

RELATIONSHIP OF RETINAL BRANCH VEIN
OCCLUSION TO CARDIOVASCULAR DISEASE MOR-
TALITY AND OCULAR MORBIDITY

Of the 31 persons with retinal branch vein occlusion pres-
ent at baseline, 23 were alive and examined at the 5-year
follow-up. Of these, the best-corrected visual acuity had
minimally decreased from 46.9 letters read correctly
(approximately equivalent to 20/32 Snellen visual acuity)
to 45.7 letters read correctly over the 5-year period. No
incident macular edema, retinal new vessels, focal photo-
coagulation, or panretinal photocoagulation was found in
these eyes. No eyes previously untreated with ocular pres-
sure-lowering drugs were now receiving such medica-
tions.

From the time of the baseline examination (1988-
1990) through 1996, a total of 794 persons in the cohort
died. Of those in the cohort who died, 247 persons
(31.1%) had ischemic heart disease and 105 (13.2%) had
stroke listed as one of the causes of death on the death
certificate (Table III). People with retinal branch vein
occlusion present at baseline had an 8-year age- and gen-
der-adjusted overall survival rate of 90.4% compared with
an 8-year overall survival rate of 89.4% in persons who did
not have retinal branch vein occlusion present. While
adjusting for age and gender, persons with retinal branch
vein occlusion at baseline did not have an increased risk of
dying with ischemic heart disease (hazard ratio [HR] 1.18,
95% CI 0.38, 3.68) mentioned as a cause of death com-
pared with those without retinal branch vein occlusion.
No persons with retinal branch vein occlusion at baseline
had stroke death mentioned on their death certificate.

COMMENTS

Most information about the frequency of retinal vein
occlusion has been derived from studies of clinic popula-
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tions in which patients with severe disease may be over-
represented."'34 The Beaver Dam Eye Study provides
unique population-based data on the prevalence and inci-
dence of retinal vein occlusion using standardized proto-
cols for the recording and grading of these lesions with
stereoscopic color fundus photographs.

Retinal branch vein occlusions (0.6%) and retinal
central vein occlusions (0.1%) were infrequent in the pop-
ulation and increased with age, affecting 1.3% and 0.4%,
respectively, of those 75 years of age or older. The preva-
lence of retinal vein occlusion (branch and central) (0.7%)
in Beaver Dam was lower than that found in the Blue
Mountains Eye Study (1.6%). This difference is explained,
in part, by the higher frequency of older persons in the
Blue Mountains study; however, age-specific prevalence
in Beaver Dam in younger age-groups was also lower than
in the Blue Mountains population. The reasons for these
differences are not apparent. The incidence of retinal vein
occlusion in Beaver Dam, 8 per 1,000 persons, is higher
than that reported in an Israeli study, where the estimat-
ed 4-year incidence was 2 per 1,000 in persons 40 years of
age or older.'

The pathogenesis of branch retinal vein occlusion is
not known. Some have postulated that hypertension and
atherosclerosis and its risk factors cause retinal arteri-
olosclerotic changes, especially at the arteriovenous cross-
ings, resulting in retinal venule occlusion through endothe-
lial cell damage and thrombosis.4243 Others have postulated
that arterioslerosis resulting in arteriolar insufficiency is
the underlying pathogenetic factor leading to branch reti-
nal vein occlusion.4445 In Beaver Dam, strong associations
of hypertension (age-adjusted OR 5.4), focal arteriolar nar-
rowing (age-adjusted OR 16.8), and arteriovenous nicking
(age-hypertension-adjusted OR 22.9) with prevalent reti-
nal branch vein occlusion and of focal arteriolar narrowing
with incident branch vein occlusion are consistent with
findings from other studies.""0"'41 In Beaver Dam, while
pulse pressure, an indirect measure of atherosclerotic
large-vessel disease, was associated with prevalent branch
vein occlusion, there was no association of cardiovascular
disease (history of myocardial infarction, angina, or stroke)
or of serum lipid levels with prevalent or incident branch
vein occlusion. While data from our study suggest that
localized microvascular disease, as manifest by focal arteri-
olar narrowing and arteriovenous nicking, may be more
strongly associated with branch vein occlusion than ather-
osclerotic macrovascular disease, data from other studies
appear to support an association of atherosclerosis and
retinal branch vein occlusion. In the Blue Mountains pop-
ulation,'7 branch vein occlusion was associated with stroke
(OR 2.6) and angina (OR 1.8) but not myocardial infarc-
tion. In the Eye Disease Case Control Study,"° in addition
to hypertension (OR 3.6), a higher odds of branch retinal

vein occlusion was associated with a history of cardiovas-
cular disease, and with increased body mass index, while
lower odds were associated with higher levels of alcohol
consumption, higher HDL-cholesterol (but not other
lipids), and vigorous physical activity.

A strong association of current cigarette smoking (OR
4.4) with incident retinal branch vein occlusion was found
in Beaver Dam. This association with smoking and inci-
dent branch vein occlusion is consistent with data from
some4"4" but not other'0"7 studies. The association of inci-
dent retinal branch vein occlusion with cigarette smoking
may be explained, in part, by the inflammatory stimulus of
smoking,49 although the role of inflammation in the patho-
genesis of retinal branch vein occlusion is not certain.4'

In Beaver Dam, while controlling for age, retinal
branch vein occlusion was not associated with increased
risk of all-cause mortality or ischemic heart disease death.
To our knowledge, there are no previous reports of an
association of retinal branch vein occlusion with mortality.
Previous studies have demonstrated no association
between retinal central vein occlusion and ischemic heart
disease morbidity or mortality.9"20

The higher frequency of retinal branch vein occlusion
found in the superotemporal quadrant compared with
other quadrants and the high frequency of the retinal
arteriole found lying anterior to the vein toward the vitre-
ous cavity are consistent with earlier findings."'-53 Some
have speculated that the consistent finding of arterioles
anterior to venules at arteriovenous crossing associated
with branch retinal vein occlusion supports a possible
mechanical obstructive role in the pathogenesis of branch
retinal vein occlusions.5" The higher frequency in the
superotemporal quadrant has been attributed to a larger
number of arteriovenous crossings in that quadrant" or
possibly may be due to relative quadrantic differences in
type of direct contacts of the arterioles to the venules.54

In Beaver Dam, the prognosis for retaining vision was
good, with a decrease of only 0.8 letters over the 5-year
interval in the 23 persons who had retinal branch vein
occlusion at baseline. Nearly 10% of eyes with retinal
branch vein occlusion had retinal new vessels present,
10% had macular edema present, and 13% had under-
gone photocoagulation treatment at baseline, but no eyes
with retinal branch vein occlusion at baseline were found
to have developed macular edema or retinal new vessels at
follow-up. These data, based on a small number of eyes
with retinal branch vein occlusion, suggest a good prog-
nosis in eyes with neither proliferative retinopathy nor
macular edema at baseline.

Conclusions regarding estimates of prevalence and
incidence of retinal branch vein occlusion and associations
described herein must be made with caution.
Misclassification may have resulted from not identifying
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signs of retinal branch vein occlusions in eyes with mini-
mal retinopathy in persons without diabetes or in eyes
with moderate retinopathy in persons with diabetes when
there was no obvious occlusion of a retinal venule in the
fundus photographs. The photographs did not include all
of the retinal area in which branch vein occlusion may be
found. In addition, it is possible that persons with some
risk factors, such as hypertension, who developed retinal
branch vein occlusion were more likely to die before fol-
low-up, possibly underestimating its association with inci-
dence. Some of the associations found, such as that
between incident branch vein occlusion and smoking, may
have been due to chance, and some of the associations not
found may be due to lack of power (eg, glaucoma, stroke).

SUMMARY

The retinal vein occlusions are infrequent in the general
population. A strong association of retinal arteriolar dis-
ease, as manifest by focal arteriolar narrowing, was found
with retinal branch vein occlusion. Data from larger pop-
ulations are needed to further assess associations between
risk factors and the incidence of retinal vein occlusions.
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DISCUSSION

DR FRONCIE A. GUTMAN. The Beaver Dam Eye Study
(BDES) is a large population (n=4926) based study of per-
sons 43 to 86 years of age. This study on the epidemiolo-
gy of retinal vein occlusion (RVO) reports a low prevalence
and incidence of retinal vein occlusion, the associated risk
factors for branch retinal vein occlusion (BRVO), and the
lack of a relationship between BRVO and mortality in
patients with ischemic heart disease and stroke. With
respect to BRVO, the prevalence was 0.6% (31/4822) and
the incidence was 0.6% (21/3558). For central retinal vein
occlusion (CRVO), the prevalence was 0.1% (7/4822) and
the incidence was 0.2% (7/3593). As the authors have
properly noted, the low prevalence and incidence of RVO
limits the statistical power of this study. Hypertension,
ocular perfusion pressure and diabetes mellitus were 3 of
the risk factors for prevalence of BRVO. Current smoking
was an associated risk factor for the incidence of BRVO.
Because of the few eyes with CRVO, no statistically valid
data was available on risk factors for CRVO.

My first concern is that the prevalence and incidence of
retinal vein occlusion was based solely upon a reading cen-
ter's review of retinal color photographs taken 5 years apart.
The baseline examinations were performed in 1988-1990
and the subsequent follow-up evaluations were obtained 5
years later, between 1993-1995. Retinal photographs which
focused on the disk macula and mid-peripheral temporal
retina provided an incomplete survey ofthe retina. No com-
ment is made about substandard photographs due to tech-
nical problems or media opacities. In this study, no patient
received a dilated retinal examination by an ophthalmolo-
gist. It is of interest that the Blue Mountains Eye Study,
which reported a much higher prevalence of RVO, included
a retinal examination by an ophthalmologist.

Although ischemic retinal vein occlusions commonly
produce a chronic visible change in the retina (i.e.,
sheathed retinal vessels, retinal hemorrhages, neovascular-
ization, retinal pigment epithelial disturbance, etc.), the
more common perfused RVO, which comprise approxi-
mately 75% of all RVOS, is less likely to do so. Forty per-
cent of perfused RVO's can have a remission of the clinical
signs of venous occlusive retinopathy within 6-14 months.
In eyes undergoing a partial remission of a perfused RVO,
the residual retinopathy may resemble diabetic retinopa-
thy with localized microaneurysms, with or without exu-
dates, and with or without macular edema. In eyes with
localized or diffuse microangiopathy of undetermined
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etiology, a fluorescein angiogram is very helpful in identi-
fying the characteristic angiographic patterns and signs of
a prior BRVO or CRVO. Fluorescein angiography was not
included in the study protocol. The 5 year interval
between retinal photographs in this study provides more
than adequate time for the occurrence and remission of a
RVO. Without visible signs of a past RVO being evident in
the color photographs, this study suffers the liability of
underestimating the prevalence and the incidence RVO.

My second observation concerns the racial profile of
this study population. Ninety-nine percent of the partici-
pants were white. This study, as well as other studies, has
documented age, hypertension and diabetes as increasing
the risk for BRVO. When compared to a white popula-
tion, African Americans have a higher prevalence of
hypertension and a greater rate of more severe hyperten-
sion which is accompanied by an 80% higher stroke mor-
tality rate, and a 50% higher heart disease mortality rate.
In addition, African Americans and Hispanics have a high-
er prevalence of diabetes mellitus (1,2,3). The lack of a
racially balanced study population would bias this study's
results towards a lower prevalence and incidence of RVO
compared to a racially balanced study population.

The third observation concerns the loss of approxi-
mately 20% of the study population for the 5-year follow-
up examination (4,926 vs 3,684). 7.8% or 385 study
patients had died. Although death is an uncontrollable
variable in any longitudinal epidemiological study, did the
total of 1242 study patients who were either dead or lost
to follow-up, have a greater risk profile for the develop-
ment of BRVO? If they did have a high risk profile,
(older age, hypertension, diabetes) this could bias the
study towards a lower incidence of RVO and might alter
the statistical analyses of associated risk factors.

I have 3 questions for the authors:

1. What factors do you believe caused the Blue
Mountains Eye Study to report a prevalence rate for
retinal vein occlusion which was almost 270% higher
than the rate in your study (0.6% vs 1.6%)?

2. Did the patients who died or were lost to follow-up
have a high risk profile for development of RVO such
as older age, hypertension and diabetes?

3. Were there any eyes that could not be evaluated
because of poor quality retinal photographs? If this
occurred, how many eyes could not be evaluated?
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DR FREDERICK L. FERRIS. I congratulate Ron on a very
nice paper and summary ofvein occlusion in a population.
In view of the risk factors for retinal vein occlusion, I was
surprised that there wasn't an increased mortality in these
patients. Will you discuss the confidence intervals around
this apparent negative association, particularly in relation
to the small sample size of this group of patients?

DR RONALD KLEIN I want to thank Dr Froncie Gutman
for his thoughtful comments regarding my paper. I also
wanted to thank him for sharing his clinical insights
regarding the natural history of branch retinal vein occlu-
sions in a series of telephone conversations I had with him
over the past few months. Dr Gutman is correct in saying
that a population-based study that uses fundus photogra-
phy to ascertain the presence of branch retinal vein occlu-
sion at 2 examinations 5 years apart would underestimate
both the prevalence and incidence of this condition com-
pared to examinations using fluorescein angiography that
were done more frequently. However, the latter is not fea-
sible in a population-based cohort study.

Dr Gutman asks 3 questions. First, he asked, "'What
factors demonstrate the prevalence being nearly 270%
greater in the Blue Mountains Eye Study?" We were for-
tunate in having Professor Paul Mitchell of Sydney,
Australia, the Principal Investigator of the Blue
Mountains Eye Study, visit us in Madison in January of
this year. We presented him with a series of fundus pho-
tographs, some including eyes which we had classified as
"questionable" for the presence of branch retinal vein
occlusions and asked how he would classify them. He
tended to classify some of these eyes, most of which had
small retinal telangiectatic vessels, as having definite reti-
nal branch vein occlusions whereas we had classified them
as being questionable. In my clinical experience, in the
absence of any other retinal venous changes or signs of
other retinopathy, that without fluorescein angiography, it
is difficult to correctly classify these eyes. A second possi-
ble reason for differences in reported age-specific rates
between the Beaver Dam Eye and Blue Mountain Eye
studies may be differences in the rates of hypertension,
cardiovascular disease, and diabetes, conditions associated
with branch retinal vein occlusion, in these populations.

The second question asked by Dr Gutman was "Is
patient loss to follow-up more or less profiled by high-risk
patients?" Yes. As noted in our paper, after adjusting for
age, those who were alive during the study and did not
participate were more likely to have a history of cardio-
vascular disease, to have smoked more, and to have
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higher systolic and diastolic blood pressures at baseline
than persons who participated, The third question Dr
Gutman asked was 'What percentage of our fundus pho-
tograph could not be graded?" Only about 2% of partici-
pants had photographs of both eyes that could not be
graded for retinal disease.

Dr Rick Ferris asked about the large confidence
intervals around the estimated hazard ratio for cardiovas-
cular disease mortality in persons with a retinal branch
vein occlusion. Although we found an 18% increased risk
of mortality in persons with retinal branch vein occlusion,

the confidence intervals were large (0.38 to 3.68) and
included an odds ratio of one, showing that the association
was not significant. For infrequent conditions such as
branch retinal vein occlusion, there is a need to combine
data from other large population-based studies such as the
Blue Mountain Eye Study and the Rotterdam study, to get
a large enough sample size to achieve better estimates of
this association as well as have enough statistical power to
evaluate associations of other risk factors with branch reti-
nal vein occlusion.
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